Ontological Evaluation of Enterprise Systems Interoperability Using ebXML. by Green, Peter et al.
Ontological Evaluation of Enterprise Systems
Interoperability Using ebXML
Peter F. Green, Michael Rosemann, and Marta Indulska, Member, IEEE
Abstract—Enterprise systems interoperability (ESI) is an important topic for business currently. This situation is evidenced, at least in
part, by the number and extent of potential candidate protocols for such process interoperation, viz., ebXML, BPML, BPEL, and WSCI.
Wide-ranging support for each of these candidate standards already exists. However, despite broad acceptance, a sound theoretical
evaluation of these approaches has not yet been provided. We use the Bunge-Wand-Weber (BWW) models, in particular, the
representation model, to provide the basis for such a theoretical evaluation. We, and other researchers, have shown the usefulness of
the representation model for analyzing, evaluating, and engineering techniques in the areas of traditional and structured systems
analysis, object-oriented modeling, and process modeling. In this work, we address the question, what are the potential semantic
weaknesses of using ebXML alone for process interoperation between enterprise systems? We find that users will lack important
implementation information because of representational deficiencies; due to ontological redundancy, the complexity of the
specification is unnecessarily increased; and, users of the specification will have to bring in extra-model knowledge to understand
constructs in the specification due to instances of ontological excess.
Index Terms—Ontology languages, electronic commerce, system architectures, integration and modeling.

1 INTRODUCTION
THE internal and cross-organizational integration ofenterprise systems is the current challenge for many
organizations after the initial implementation of these
comprehensive solutions. This integration requires pre-
cisely defined and agreed standards for communication
between the involved systems and business partners. The
current list of proposed standards includes ebXML, BPML,
BPEL, and WSCI. According to Thomas [31], many
companies have already signed up for the ebXML standard,
viz., Tesco, Nestle´, and Kraft Foods. However, despite
broad acceptance, a sound theoretical evaluation of these
approaches has not yet been provided. Such an evaluation
may be valuable in identifying potential weaknesses across
the range of proposed standards.
Because of the number of dominating ESI standards, we
argue that a theory-driven evaluation of each of the
standards is one of the first steps that needs to be taken in
order to improve the understanding of the “usefulness” of
the standards as well as to demonstrate the potential
strengths and weaknesses of each of the standards. Such an
evaluation would help to identify the unique contribution
of each of these standards. Accordingly, the major research
question addressed in this paper is: What are the potential
semantic weaknesses of using ebXML alone for process
integration between enterprise systems?
The aim of this paper is to conduct an ontological
evaluation of the constructs contained in the ebXML
Business Process Specification Schema (BPSS). As a by-
product of this evaluation, this paper will also demon-
strate how to conduct an evaluation of such protocols,
and, most importantly, the paper will demonstrate the
propositions that can derive from such an ontological
evaluation. In particular, this evaluation results in several
propositions that may be subsequently operationalized
and empirically tested.
We are motivated to conduct this research for several
reasons. First, the Bunge-Wand-Weber (BWW) ontological
models have provided useful insights when applied to
conceptual modeling techniques that purport to model and
support real-world processes, e.g., systems analysis, busi-
ness analysis, process modelling, workflow management,
activity-based costing, and knowledge management. We
believe this same theory-driven approach can be extended
into the area of process interoperation for enterprise
systems. Accordingly, we distinguish the work in this
paper by moving it into the area of enterprise systems
interoperability over the Internet, specifically using ebXML.
We contend that the BWW representation model, in
particular, can provide a theoretical foundation not just
for the evaluation and development of information systems
analysis and design (ISAD) grammars, but also for the
evaluation and engineering of any “grammar”1 that pur-
ports to support some real-world processes.
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1. For the purposes of this paper, a methodology is defined as a methodical
approach to information systems planning, analysis, design, construction,
and evolution. Within a methodology, a technique designates a well-defined
set of concepts and a way of handling them, e.g., Data Flow Diagramming
(DFD). A technique includes heuristics and guidelines for refining and
improvinginitial versions of models. We distinguish a grammar as the set of
symbols or constructs together with the construction rules in a technique.
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Second, through this work, we will demonstrate that the
BWW ontological models, in particular, the representation
model, provide a potentially useful basis for evaluating the
individual candidate standards. Moreover, on the basis of
this demonstration, when the approach is subsequently
applied to other competing standards, we will provide a
useful basis for comparing and contrasting those standards.
Third, the interoperability of business systems between
trading partner companies is becoming a topic of great
importance in industry. Accordingly, we want to contribute
to this topic area through a theory-based analysis of one of
the candidate standards for this interoperability—ebXML.
Finally, we are motivated by the fact that this work derives
a set of propositions that can be empirically tested in
subsequent work.
This paper unfolds in the following manner. First, a brief
explanation of the Bunge-Wand-Weber (BWW) models is
presented, in particular, focusing on the representation
model. Then, related work involving the models to analyze
and evaluate ISAD grammars to date is reviewed. Next, we
explain, in detail, how the constructs of the BWW
representation model can be mapped onto the ebXML
constructs. This analysis provides valuable insights into the
current shortcomings of ebXML and it extends the initial
work reported in Green and Rosemann [13]. The paper ends
with a brief summary and a discussion of our planned
future work in this area.
2 THE BUNGE-WAND-WEBER ONTOLOGICAL
MODEL
As grammars for information systems analysis and design
have proliferated over the years [21], researchers and
practitioners alike have attempted to determine objective
bases on which to compare, evaluate, and determine when
to use these grammars (e.g., [9], [19]). Throughout the 1980s
and into the 1990s, however, it became increasingly
apparent to many researchers that without a theoretical
foundation on which to base ISAD grammar specification,
incomplete evaluative frameworks of factors, features, and
facets would continue to proliferate. Furthermore, without a
theoretical foundation, one framework of factors, features,
or facets is as justifiable as another for use [1].
Wand and Weber [34], [35], [36], [37], [38], [39], [40] have
investigated the branch of philosophy known as ontology
(or metaphysics) as a foundation for understanding the
process in developing an information system. Ontology is a
well-established theoretical domain within philosophy
dealing with models of reality. Today, however, interest
in, and applicability of ontologies, extends to areas far
beyond metaphysics. As Gruninger and Lee [14, p. 39] point
out, “...a Web search engine will return over 64,000 pages
given “ontology” as a keyword...the first few pages are
phrases such as “enabling virtual business,” “gene ontology
consortium,” and “enterprise ontology.”” The usefulness of
ontology as a theoretical foundation for knowledge repre-
sentation and natural language processing is a fervently
debated topic in the artificial intelligence research commu-
nity [15]. Holsapple and Joshi [16], for example, argue the
importance of ontologies in the emergent era of knowledge-
based organizations and the conduct of knowledge manage-
ment in those organizations. Kim [20] shows how ontolo-
gies can be engineered to support the first phase of the
evolution of the “semantic Web.”
Wand andWeber [35], [36], [37], [39], [40] and Weber [42]
have taken, and extended, an ontology presented by Bunge
[3] and applied it to the modelling of information systems.
Their fundamental premise is that any ISAD modeling
grammar must be able to represent all concepts in the real
world that might be of interest to users of information
systems; otherwise, the resultant model is incomplete. If the
model is incomplete, the analyst/designer will somehow
have to augment the model(s) to ensure that the final
computerized information system adequately reflects that
portion of the real world it is intended to support. The
Bunge-Wand-Weber (BWW) [35], [36], [37], [39], [40]
models consist of the representation model, the state-
tracking model, and the good decomposition model. This
work focuses on the representation model. The representa-
tion model defines a set of constructs that, at this time, are
thought by the researchers to be necessary and sufficient to
describe the structure and behavior of the real world.
Accordingly, any grammar that purports to allow modelers
to represent real-world scenarios, e.g., the interoperation of
two businesses, can be evaluated against this “benchmark”
representation model. Furthermore, when two or more such
grammars are evaluated against the common “benchmark,”
comparisons of the strengths and weaknesses of the two
analyzed grammars can be made.
In ontological analyses, two types of analytical mapping
are available—a representation mapping and an interpreta-
tion mapping. The representation mapping identifies those
ontological constructs that are directly represented by
constructs within the target grammar. The interpretation
mapping starts with each construct in the target grammar
and “interprets” a mapping back to relevant BWW
ontological constructs. The interpretive mapping is far
more problematic than the representation mapping because
it relies on experience with the use of the constructs in the
target grammar.
Weber [42] clarifies the two cases that may occur when a
grammar is analyzed according to the representation
model, by either or both directional mappings. After a
particular target grammar has been analyzed, predictions
on the modeling strengths and weaknesses of the grammar
can be made according to whether some or any of these
situations arise out of the analysis.
1. Ontological Incompleteness (or Construct Deficit) exists
when there is not at least one ISAD grammatical
construct for each ontological construct.
2. Ontological Clarity is determined by the extent to
which the grammar does not exhibit one or more of
the following deficiencies:
. Construct Overload exists in an ISAD grammar if
one ISAD grammatical construct represents
more than one ontological construct.
. Construct Redundancy exists if more than one
ISAD grammatical construct represents the
same ontological construct.
. Construct Excess exists in an ISAD grammar
when an ISAD grammatical construct is pre-
sent that does not map into any ontological
construct.
Table 1a and Table 1b present plain English definitions of
the constructs of the BWW representation model.
3 RELATED RESEARCH
To date, the related work utilizing the BWW models has
almost exclusively been focused on business analysis
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modeling techniques such as DFDs, ER diagrams, object-
oriented schemas, and process modeling grammars. Table 2
summarizes several important items of related work
discussed below.
Wand and Weber [39], [40] and Weber [42] have applied
the BWW representation model to the “classical” descrip-
tions of entity-relationship (ER) modeling and logical data
flow diagramming (LDFD). In both grammars, the research-
ers highlight instances of ontological incompleteness and
deficiencies in ontological clarity. From these analyses, the
researchers go on to speculate on the weaknesses of those
grammars. However, they do not test their propositions
empirically. Also, they mention that some of their “conclu-
sions are well known (e.g., deficiencies with respect to
dynamics)” [40, p. 220]. Moreover, the researchers point out
the difficulties in performing the ontological analyses due to
the fact that many of the constructs in the grammars
examined are defined imprecisely.
Weber and Zhang [41] examined the Nijssen Information
Analysis Method (NIAM) using the BWW representational
model. This analysis led to a number of propositions with
regard to the ontological deficiencies of that grammar. The
researchers attempted to gain empirical insight into their
predictions by conducting semistructured interviews with
10 NIAM users. One significant insight gained by the
researchers was the proposition that, where ontological
incompleteness existed in a grammar, users would over-
come this deficiency by combining a set of grammars that
overlapped minimally from an ontological standpoint.
Green [10] extended the work of Weber and Zhang [41]
and Wand and Weber [39], [40] by analyzing various ISAD
grammars as they have been extended and implemented in
CASE tools. From the analysis, he was able to formulate a
number of hypotheses concerning the grammars as they
were implemented within a particular structured CASE
tool—Excelerator. He then surveyed and interviewed users
of that particular CASE tool in Australia and Southeast Asia
to test the hypotheses. While his results ultimately were
mixed, he gained valuable insights into the use of such
grammars by analysts/designers when working in a CASE-
assisted environment. In particular, Green found that
ontological incompleteness was a significant factor in the
analyst/designer’s decision to use a combination of
grammars for modeling. But most particularly, this work
disclosed the insight that, even though there may be
representational benefits from including symbols for one
or more omitted ontological constructs in a grammar set, for
users in various circumstances, the “costs” of doing so
outweigh these representational benefits—hence, the need
for a “Who cares” dimension in the analysis [13], [26].
Parsons and Wand [24] propose an initial model of
objects and they use the ontological models to identify
representation-oriented characteristics of objects. They
discuss some implications of their analysis, such as helping
systems analysts using an object-oriented approach to
phrase questions that are meaningful to users, rather than
using terms like “encapsulation,” “inheritance,” “composi-
tion,” and the like. However, they do not suggest ways of
empirically testing their predictions. Furthermore, in a
more rigorous way, Evermann and Wand [7] assign real-
world semantics to UML constructs through a mapping to
BWW model constructs. As a result of the ontologically
derived semantics, Evermann and Wand [7] also propose 17
rules that may help to guide the application of UML in
certain conceptual modeling situations and ensure that
inconsistencies across diagrams are identified. However,
they do not to empirically validate their rules in any way.
Along similar lines, Opdahl and Henderson-Sellers [22]
have used the BWW representation model to examine the
individual modeling constructs within the OPEN Modeling
Language (OML) version 1.1 based on “conventional”
object-oriented constructs. The representational model and
the work of Parsons and Wand [24] provide the researchers
with a rich base from which they are able to identify
ontological deficiencies in various OML constructs, differ-
ences between the assumptions behind OML modeling and
those of the BWW representational model, the multiple
roles played by OML constructs when used in modeling,
and more precise guidelines for the definition of OML
constructs. The propositions deriving from the ontological
deficiencies identified in this analysis have not been tested
to date however. In a similar vein, their later work uses the
BWW representation model to analyze and evaluate the use
of UML for representing concrete problem domains [23].
The paper presents a mapping of each relevant individual
UML modeling construct to the ontological constructs and
proposes a number of improvements to UML based on the
shortcomings identified by the analysis.
Soffer et al. [30] propose an ontology-based model for the
evaluation of off-the-shelf information systems require-
ments (OISR) specifications. The work uses the BWWmodel
as a basis for the formulation of a specialized evaluation
framework for OISR. The developed framework is demon-
strated through its application to the Object-Process
Methodology (OPM), resulting in the identification of
deficiencies in ontological clarity of OPM, while finding
that OPM is ontologically complete (with respect to the
specialized framework). Furthermore, the authors go on to
perform an ontological comparison of OPM and ARIS,
finding that OPM is superior to ARIS for the purposes of
OISR modeling. These findings, however, are not followed
up by an empirical study.
Wand et al. [33] deconstructed the relationship con-
struct in Entity-Relationship (ER) diagrams. In particular,
they examined ontologically the meaning of optional and
mandatory roles in that construct. While they did not
explicitly operationalize and test their findings, their
thinking, and results were taken up by Bodart et al. [2].
These researchers refined the thinking of Wand et al. [33]
and devised experiments to test their propositions sur-
rounding the optional and mandatory roles of the relation-
ship construct in ER diagrams. In essence, these
researchers found that, when users of the diagrams require
a deep-level understanding of the problem situation being
modeled by the ER diagram, optional roles should not be
used as they undermine the users’ abilities to grasp
important problem domain semantics.
Green and Rosemann [11] have extended the analytical
work into the area of integrated process modeling based on
the techniques presented in Scheer [27]. This analysis
identified omissions in not just the individual views (data,
function, organization, process, output) but when the views
are used in combination also. For example, even across the
four views, no representations exist for conceivable state
space, lawful state space, conceivable event space, or lawful event
space. Accordingly, it is hypothesised that a sufficient focus
to identify all-important state and transformation laws may
not be present during modeling. Hence, problems may be
encountered in capturing all the potentially important
business rules of the situation. Furthermore, Green and
Rosemann [12] attempted to test the propositions of [11]
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TABLE 1a
Ontological Constructs in the BWW Representation Model
with postgraduate students who were involved in process
modeling projects in industry. Essentially, they found
support for their propositions with regard to the modeling
of necessary business rules, the scope and boundary of
systems, and the decomposition of systems. Unfortunately,
their study was limited in terms of the sample size.
The BWW models also have been applied in the context
of Enterprise Resource Planning (ERP) Systems. Sia and Soh
[29] utilize the BWW models to propose a theoretically
grounded framework for assessing the severity of ERP
misalignment in organizations. The authors demonstrate
the application of the proposed framework by applying it to
a hospital case study, in which significant ERP misalign-
ment is identified as a result.
Burton-Jones and Meso [4] report the results of an
empirical study of the applicability of the BWW good
decomposition model in object-oriented analysis (OOA).
The study operationalizes each of the conditions of themodel
in a set of UML diagrams and, subsequently, tests the study
participants’ understanding of the diagrams. From the
results of the study, Burton-Jones and Meso conclude that
the good decomposition model conditions could be used as
an effective training device to help analysts develop “good”
UML diagrams. Moreover, they suggest that the model
should be tested as an OOA quality metric.
Shanks et al. [28] utilize the application of the BWW
model in order to investigate the representation of part-
whole relationships in conceptual modeling grammars. The
authors use the BWW model to support their argument for
representation of part-whole relationships as entities as
opposed to relationships or associations. Their argument is
further supported by an empirical study which concludes
that using entities to represent part-whole relationships
leads to an improvement in the level of the user’s under-
standing of the domain.
Davies et al. [5] demonstrate the potential usefulness of
the use of metamodels for comparing and evaluating
ontologies.2 The authors focus on the analysis of the
metamodels of the BWW representation model and
Chisolm’s Ontology, concentrating on ontological equiva-
lence, depth of structure, and comprehensiveness of scope
of the models. The findings of the work revealed that the
two models were not completely ontologically equivalent,
with the BWW model being more comprehensive in scope
and Chisolm’s Ontology having a deeper structure than that
of the BWW model. Davies et al. [6] extend the work to
include a detailed discussion of the benefits of the use of
metamodels for evaluating ontologies.
Fettke and Loos [8] discuss the process of BWW
ontological evaluation of reference models and identify a
number of possible application areas. The authors suggest
that the proposed method may be used for evaluation of
reference models, comparison of two or more reference
models, representation of reference models in model
repositories, and describing the key characteristics of
reference models in order to facilitate selection of appro-
priate models in specific situations.
As shown in Table 2, of the listed 23 works that utilize
the BWW models, one has applied the model for the
purpose of analyzing traditional ISAD grammars. Struc-
tured ISAD grammars have been analyzed in two of the
listed works, while data-centred and object-oriented gram-
mars were each analyzed in eight of the works. Four works
have also focused on the process modeling domain, while
seven have applied the BWW models for other purposes,
e.g., activity-based costing or off-the-shelf information
systems requirements modeling. Only one of these seven
publications was in the area of enterprise interoperability.
Of the listed publications, 17 have to some degree focused
on the concept of ontological completeness with respect to
the BWW model, 18 have considered ontological clarity,
while one has considered good decomposition. Further-
more, only six of the 23 listed publications have empirically
tested the results of their analyses in order to seek
validation.
Accordingly, our work extends the enterprise systems
interoperability research published in [13] with the aim to
empirically test the results of our analysis.
4 ENTERPRISE SYSTEMS INTEROPERABILITY OVER
THE INTERNET
To demonstrate an ontological analysis and the subse-
quent derivation of propositions, we have applied the
BWW representation model to the topical area of
enterprise systems interoperability over the Internet
specifically using ebXML BPSS.3 What is enterprise
systems interoperability? It is more than just the
traditional view of EDI. Table 3 shows the component
levels of traditional EDI systems.
The implementation of EDI has long been a costly
exercise for small-to-medium enterprises (SMEs). In parti-
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TABLE 1b
Ontological Constructs in the BWW Representation Model (Cont.)
2. In [5], a metamodel can be distinguished from a grammar, for the
purposes of this work, as a model of how the constructs of a grammar are
related.
3. ebXML (Electronic Business using eXtensible Markup Language), is a
suite of specifications that enables enterprises in any geographical location
to conduct business over the Internet. ebXML provides a standard method
to exchange business messages, conduct trading relationships, commu-
nicate data in common terms, and define and register business processes
(www.ebXML.org, 3/08/04).
cular, it has been the conversion of EDIFACT or ANSI X.12
formatted documents so that they can be integrated with
the SME’s business systems (i.e., the EDI semantic layer of
Table 3) that have proven to be costly. So, because ebXML is
based on de facto standard XML, ebXML supporters claim
that it mitigates the “costs” at the EDI standard and
semantic layers of Table 3. Moreover, ebXML purports to
support the exchange of structured business documents
between the applications of trading enterprises so as to
support business processes within the trading partner
organizations. In this way, ebXML is attempting to
implement the philosophy of “interorganizational systems”
in that the interorganizational systems are embedded more
deeply in the processes of the trading parties such that the
trading parties become more tightly coupled (particularly,
from the supplier’s point of view) [17]. An industry needs to
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TABLE 2
Related Work Using the BWW Models
define and collect its business processes, scenarios, and
company business profiles, and make them available
through an industry ebXML registry (typically defined
using UDDI). Then, structured business documents can be
exchanged between trading parties using the automated
flow and sequence of interactions that ebXML prescribes.
Indeed, the Organization for the Advancement of
Structured Information Systems (OASIS), one of the joint
developers of ebXML, claims that ebXML takes advantage
of cost effective Internet technology, is built on EDI
experience with input from the EDI community (through
the involvement of UN/CEFACT—the other joint devel-
oper of ebXML), preserves a large company’s investment
already in EDI, and is designed for large companies to trade
with smaller partners that do not have EDI.
Recall that ebXML specifies not only structured business
documents but also business processes. Accordingly, it
attempts to model phenomena in the real world, viz.,
classes of things, states of those things, and processes that
involve those things. So, to return to the original question of
enterprise interoperability, the clarity of the representations
(semantics) of the business processes and classes of things
must be crucial to any system that purports to support
enterprise interoperability.
5 AN ANALYSIS OF INTEROPERABILITY
Fig. 1 shows the ebXML business process specification as a
UML class diagram. According to the developers of the
specification [32, p. 6] “An ebXML Business Process
Specification contains the specification of Business Transac-
tions and the choreography of Business Transactions into
Business Collaborations. This ebXML Business Process
Specification is then the input to the formation of ebXML
trading partner Collaboration Protocol Profiles and Colla-
boration Protocol Agreements.”
Therefore, the process specification of Fig. 1 purports to
model the real-world phenomena (classes of things and
processes) involved in enterprises interoperating over the
Internet. The question then becomes: Can the BWW models
(specifically, the BWW representation model) be used
usefully to provide analytical insight into the ebXML
business process specification?
Currently, the BWW representation metamodel [5], [25]
is specified using an eER language. If it were specified using
UML class diagrams, then we may be able to do a more
objective analysis through pattern-matching between the
BWW UML-based metamodel and the UML representation
of the ebXML BPSS specification. Accordingly, we used the
“traditional” analytical method for the BWW representation
model of a representation mapping from each ontological
construct to a construct in the target grammar—ebXML
process specification [6], [25].
Because the ebXML process specification is in its infancy
of use by organizations, it is difficult for researchers in
particular to obtain experiential data on how users “inter-
pret” the meaning of the constructs in the specification and,
hence, we do not use the interpretation mapping in this
work. Accordingly, using the definitions provided in the
process specification v1.01, we proceeded with a represen-
tation mapping analysis from the BWW representation
model constructs to those defined in the specification.
6 REPRESENTATION MAPPING ANALYSIS
We present the background reasoning behind the results of
our mapping of the BWW representation model constructs
to the ebXML specification constructs. The mapping was
performed individually by each of the three authors and
was then compared and collated to form a final agreed
version. While there are a number of constructs which did
not have a mapping to ebXML constructs at all (the
implications will be discussed later), here we discuss the
reasoning behind the actual identified construct mappings.
The summarized results of the mapping are shown in
Table 4. We do not discuss those occurrences in Table 4
where no representation was found.
First, the elementary notion in the BWW representation
model is a thing. While we will only discuss identified
mappings here, a thing, being a fundamental construct,
deserves a mention despite the lack of construct mapping.
The ebXML specification does not have an actual equivalent
construct for a thing, instead the focus is on classes of things.
The lack of mapping in this case, however, may be due to
the limitation of the UML class diagram representation of
the ebXML specification, which itself focuses on classes of
things as opposed to a specific thing.
The emergent property ontological construct maps to two
ebXML constructs, viz., BusinessPartnerRole and Author-
izedRole. Both these roles are classified as emergent
because the roles emerge from entities interacting within
a Binary- Collaboration or MultiPartyCollaboration. Thus,
the roles stem from the entities taking part in the
collaborations, and form properties of the collaborations.
The attribute ontological construct, which specifies the
attributes of a thing, has a clear mapping to the attribute
definitions in ebXML.
The class ontological construct also maps to a number
of ebXML constructs. Recall that a class is a set of things
that can be defined through the possession of a single
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TABLE 3
Components of Traditional EDI
common property. In the ebXML specification, the
Business Document, Document Envelope, and Attachment
all map to specific instances of the class construct as they
essentially represent the different classes of possible
Business Documents, Envelopes, and Attachments that
may be used as part of a transaction.
There are several constructs that represent instances of
the state of a collaboration. Instead of choosing to represent
all states by a single construct, the specification represents
each state by a different construct. The state ontological
construct thus maps to the Start, Success, Failure, Fork, and
Join constructs. Further, there is no actual construct to
represent the conceivable state space of a system. We are able
to identify a number of conceivable states (the set of states
identified above), however, the set of all possible states the
system may enter is unknown. While the implications of the
lack of a comparable conceivable state space construct are
negligible (since it is the lawful state space that we are mostly
interested in), there is a disadvantage of not being able to
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Fig. 1. Overall ebXML Business Process Specification Schema as a UML class diagram [32].
compare the conceivable and lawful state space in order to see
how the laws restrict the space.
Likewise, while there exists a clear mapping of a state law
to an ebXML Wellformedness Rule (specified as a textual
constraint in the specification), there is no actual construct
to represent the lawful state space. However, we can identify
the scope of the lawful state spaceconstruct as the set of all
states that conform to the set of all Wellformedness Rules
despite the lack of construct mapping. The lack of such
constructs, however, impacts on the ability to achieve in-
depth understanding of a system as the user is not aware of
all states that a system might enter.
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TABLE 4
Representation Mapping Analysis of the ebXML Business Process UML-Based Specification [32]
The event ontological construct was found to have a
number of target ebXML constructs, specifically, Reques-
tingBusinessActivity, RespondingBusinessActivity, and
BusinessTransaction. While the difficulties of distinguishing
between these constructs will be discussed later, it is clear
that each of these constructs signifies an event that occurs in
the system, for example, the initiation of a new Busines-
sTransaction. However, as with the conceivable and lawful
state space, there is no one single ebXML construct that is the
equivalent of a conceivableevent space. This construct is
represented by the set of all possible events in the system.
The implication of the lack of full representation for this
construct is of the same flavor as the implication of the lack
of representation for lawful state space.
There is a clear mapping between the ontological
construct of a transformation and the ebXML construct of a
transition which is defined in the specification as the
transition between two business states, that is, being a
transformation from one state to another. Again, there is no
actual construct for the set of all lawful transformations.
However, the scope of the construct is the set of transforma-
tions that complies with the Wellformedness rules.
As in the case of the conceivable event space construct,
there is no single ebXML construct that is the equivalent of
the lawful event space. The construct is represented by the set
of all events complying with the Wellformedness Rules.
There is also an unambiguous mapping between the
ontological construct of a history and the ebXML construct
of a choreography. The choreography lists the chronological
transitions of states of the system. This definition fits neatly
with the definition of the history ontological construct.
However, it is unclear from the specification how the
construct is used or where such a choreography is stored.
The binding mutual property construct maps to a Busi-
nessTransactionActivity as well as a CollaborationActivity
construct. The BusinessTransactionActivity defines the use
of a BusinessTransaction within a BinaryCollaboration. It is
an activity that executes a specified BusinessTransaction.
Therefore, it changes the history of the BinaryCollaboration
by invoking a particular transaction, clearly being compar-
able to a binding mutual property that “makes a difference”
to the participating things. The same reasoning lies behind
the mapping to the CollaborationActivity construct that is
the activity of performing a nested BinaryCollaboration,
thus affecting the history of the parent BinaryCollaboration.
The system and subsystem ontological constructs are
comparable to the BinaryCollaboration and MultiParty-
Collaboration constructs. A BinaryCollaboration is a
protocol of interaction between two roles that cannot be
broken up further into two sets with no couplings.
Furthermore, MultiPartyCollaboration is partitioned into
subsystems. However, couplings exist between the sub-
systems, therefore, MultiPartyCollaboration is itself a
system. From the definition of a MultiPartyCollaboration,
“a synthesis of Binary-Collaborations,” it is clear that
BinaryCollaboration is itself a subsystem.
Mappings have also been found for the ontological
constructs of external event, stable state, unstable state, internal
event, well-defined event, and poorly-defined event. The ebXML
grammar does not itself have a specific comparable
construct for any of these ontological constructs, however,
we have been able to identify the following points from the
ebXML business process specification:
. Requesting Business Activity, <BeginsWhen> on
Binary Collaboration, <BeginsWhen> on Business
Transaction, and <EndsWhen> on Binary Colla-
boration, all represent external events to the
system. RequestingBusinessActivity is seen as a
client request for a transaction, for example, a
purchase order. A client is obviously external to
the system thus making this event external as
well. Likewise, <BeginsWhen> on a BinaryColla-
boration is an external event because it is the event
that triggers the BinaryCollaboration. We can
imagine one party in the environment of the
system stating that they would like to start
collaboration. Likewise, <EndsWhen> on Binary-
Collaboration is an external event, for example,
signifying one party requesting an end to the
collaboration. <BeginsWhen> on a BusinessTran-
saction can also be thought of as an external event.
Even though the transaction is executed as part of
the collaboration, it is the RequestingBusinessAc-
tivity that triggers the transaction.
. Start, Fork, Join, and Success constructs all represent
a stable state as these are the states in which the
system will remain unless forced to change by virtue
of an action of a thing in the environment.
. The Failure construct is the equivalent of an unstable
state as this state is undesirable and will be changed
into another state (as implied by Rollback specified
in ebXML).
. BusinessTransaction is an internal event that is
triggered by RequestingBusinessActivity (an exter-
nal event). Likewise, <EndsWhen> on BusinessTran-
saction is an internal event that simply indicates an
event that will end the transaction, for example, the
sending of an acknowledgement.
. The RequestingBusinessActivity is a representation
of a well-defined event as the state entered as the result
of the event will always be known, i.e., “requested”
(determinism).
. The BusinessTransaction and RespondingBusiness-
Activity both represent a poorly-defined event. Given
an initial state, one cannot uniquely determine the
subsequent state. This situation is mainly due to
transaction failures and negative responses from the
RespondingBusinessActivity.
7 SOME PROPOSITIONS
Using the mapping results summarized in Table 4, we can
generate some propositions from which hypotheses can be
operationalized and tested. Here, we derive five example
propositions from the analysis to demonstrate how the
situations of ontological incompleteness, redundancy, and
excess can be used to tease out interesting and critical
implications from the analysis. The first three propositions
stem from the notion of ontological incompleteness of a
target grammar. Here, the lack of a mapping of a BWW
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construct to an ebXML construct indicates the potential lack
of means for users of the grammar to describe real-world
phenomena. Such deficiency may drive users to employ
additional grammars to compensate for the deficit.
Because there is no representation for thing, the
specification will lack focus and cause confusion when
some instances of a class (things) participate in a relation-
ship and other instances do not—optionality. For example,
under what circumstances is an instance of a DocumentEn-
velope used by RequestingBusinessActivity? In fairness,
this weakness of the specification may be due to the fact
that the representation language (UML class diagram) itself
does not provide for focusing on things, rather it focuses on
classes of things and, therefore, properties in general of
those classes. However, as Bodart et al. point out in [2], the
use of optionality that results from the focus on classes may
result in superficial rather than deep understanding of the
specification. Accordingly,
Proposition 1. Because there is no representation for thing,
users of the specification will have only a superficial under-
standing rather than a deep understanding of the specification.
Because there is no representation for system environment,
we do not have a clear separation of the system and things
outside the system. Since we are unable to identify things
external to the system it is also very difficult, if not
impossible, to identify what entities can generate significant
external events (processes) that cause the collaborations to
occur. In other words, what external “shocks” cause the
interoperation between enterprises to occur? For example,
how is the BusinessTransaction event triggered? Is it
triggered by a client placing an order (an obvious external
“shock”) or is it triggered by something within the system?
Without being able to distinguish between the system and
the environment of a system this is a question which is very
difficult to answer. Accordingly,
Proposition 2. Because there is no representation for system
environment, users will be confused as to what events will
cause the collaborations to occur.
Because there are no representations for system composi-
tion, system structure, system decomposition, and level structure,
it is difficult, for example, to determine the detail of how
commercial partners transact/collaborate in Binary/Multi-
Party Collaborations. In particular, the lack of a level
structure construct may lead to ambiguity as to how, and
in what order, Binary Collaborations may occur, or may
occur within Multiparty Collaborations. How do users of
the specification obtain information on this decomposed
detail? Additionally, since it is human nature to break down
a problem into smaller problems in order to understand it,
the lack of these constructs might add to the complexity of
the specification. The inability of a user, particularly a
novice user, to break the system down into smaller parts
significantly may impact the user’s understanding of the
different parts of the systems as well as the interactions
between these parts.
Proposition 3. Because there are no representations for system
composition, system structure, system decomposition,
and level structure, users will be confused on how, and in
what order, Binary/Multiparty Collaborations will occur.
From the perspective of ontological redundancy, we can
suggest areas where the specification adds (unnecessarily)
to the complexity of the situation.
Because RequestingBusinessActivity and RespondingBu-
sinessActivity appear to represent events, as does the
BusinessTransaction construct, users of the specification
will be confused by the redundancy and overlap of these
constructs. The existence of these constructs will also make
it substantially harder for a user to interpret the specifica-
tion as they try to come to terms with, and understand, the
differences between these three constructs. Accordingly,
Proposition 4. Because RequestingBusinessActivity and Re-
spondingBusinessActivity appear to represent events, as does
the BusinessTransaction construct, users will be confused as to
how and when to use these respective constructs.
Finally, from the perspective of ontological excess, we
can suggest constructs in the specification that appear to
have no real-world (ontological) meaning. Accordingly,
users might become confused about the purpose of such
grammatical constructs and will have to bring into account
knowledge that cannot be derived from the model to
understand what these constructs represent. For example,
what real world meaning does the construct BusinessAc-
tion add over and above the specific event constructs,
RequestingBusinessActivity, and RespondingBusinessAc-
tivity? Readers of the specification have to bring extra-
model knowledge to understand this construct. Clearly,
users lacking this extra-model knowledge may not in fact
be able to understand the original purpose of the con-
structs. Thus, ultimately, these constructs maybe sources of
confusion to users and implementers of ebXML-compliant
business processes. Indeed, Table 4 suggests that the
constructs BusinessActivity, BusinessState, BusinessAction,
CompletionState, DocumentSecurity, Performs, and Enu-
merationStatus are examples of ontological excess in the
specification. So,
Proposition 5. Because the specification constructs—Business-
Activity, BusinessState, BusinessAction, CompletionState,
DocumentSecurity, Performs, and EnumerationStatus—ap-
pear to have no real-world meaning, users of those constructs
in the specification will have to bring extra knowledge to bear
to make sense of these constructs.
This last proposition is indeed supported in some way
by the XSD definitions of the specification constructs
provided in v1.01. For example, there is no explicit XSD
description for the construct, BusinessAction. Rather, its
attributes are defined in the XSD-description of the
construct RequestingBusinessActivity (see Fig. 2).
8 SUMMARY AND FURTHER WORK
We proposed the use of the BWW ontologically-based
models, in particular, the representation model, as a
candidate starting point for the evaluation of enterprise
systems interoperability standards. We explained that these
models have been used to analyze and evaluate many
different modeling grammars to date. We have mapped the
constructs of the BWW representation model to the
constructs of ebXML BPSS v1.01 in an effort to show the
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potential usefulness of BWW representation model analysis
of a business process specification for enterprise interoper-
ability. Specifically, we propose that users will lack
important implementation information because of repre-
sentational deficiencies with regard to things, external events,
and system-level structure and decomposition. Due to ontolo-
gical redundancy, we propose that the complexity of the
specification is unnecessarily increased. Finally, we propose
that users of the specification will have to bring in extra-
model knowledge to understand constructs in the specifica-
tion due to instances of ontological excess. Such proposi-
tions need to be empirically tested in order to be verified.
In our future work, we intend to proceed in a number of
directions. First, we will apply a metamodel-based frame-
work for the evaluation of ontologies [6]. Thus, we hope to
provide a more structured approach for the selection of an
adequate ontology that will be based on semiotics.
Second, we will conduct an empirical study in order to
check our propositions resulting from our analysis in this
paper. On the basis of the propositions, we will operatio-
nalize a questionnaire. We have approached a major UK
organization that specializes in assisting trading firms with
implementing e-business solutions. We are negotiating with
it to have access to its corporate contacts who are involved
in implementing interorganizational trading solutions for
their respective companies. In addition, because of the
relative recency of the ebXML specification, we will
approach vendors who have implemented the ebXML
solution in products.
Third, we will analyze a number of other dominating ESI
standards. Systematically, we will check where construct
overload, construct redundancy, and construct excess exist.
We will consolidate the results, derive hypotheses, and
conduct an empirical investigation. The results might also
indicate areas where the BWW representation model could
be enhanced. Furthermore, this future research will identify
a set of standards that are together ontologically complete
with minimal construct overlap. As mentioned earlier, one
implication of ontological incompleteness is to drive users
to employ additional grammars in order to be able to fully
represent a system. Accordingly, it is important to
accurately identify such a set of grammars in order to
facilitate modelling of phenomena while alleviating un-
necessary complexity and confusion.
Finally, as a result of empirical testing, we may be able to
suggest extensions/amendments to the existing specifica-
tions for the analyzed candidate standards.
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